Background. Loss of muscle power due to normal aging has greater functional impact than loss of strength alone. The present study compared two resistance training programs, one aimed at enhancing muscle power and one at increasing muscle strength, on muscle function and functional performance in older adults.
A decrease in muscle mass characterizes normal aging and contributes to a decrease in muscle performance, frailty, and loss of independence (1) . Resistance training has been reliably shown to be a safe and effective method for strength development in elderly persons as well as being an important contributor to improving physical function and maintaining independence (1, 2) . Recently, Foldvari and colleagues (3) reported that muscle power may be of greater importance than muscle strength for tasks such as rising from a chair and climbing stairs. In addition, maintaining an adequate level of muscle power could aid in the prevention of falls and fractures in older adults (4) . Although it has been reported that adults in their 70s retain 50% of the strength and only 25% of the power of their younger counterparts (5) , only a paucity of research has examined muscle power training in older adults.
Constant resistance and moderate velocity training protocols have resulted in significant enhancement of muscle strength in older adults (1, 2) . Although this mode of training has also been used to increase muscle power (6, 7) , these changes most often occur through increased force capacity in the force-velocity relationship (8) . Importantly, following strength training, muscle power changes at the highresistance end of the force-velocity spectrum do not transfer to lower forces that are associated with more rapid movements (8) . Consequently, the effect of strength training on the muscle power requirements for tasks of daily living, which occur at a range of velocities and resistances, is uncertain.
Recently, the use of optimized training loads (low, moderate, and high resistances) in weight-training interventions for older adults has resulted in increased rates of force production and muscle power across a range of resistances (9, 10) . Previously used among younger athletes to increase muscle power, training protocols prescribing varied resistances (30%-70% one repetition maximum [1RM]) and maximal velocities are suggested to selectively target Type II muscle fibers (11) . Due to the preferential loss of Type II fibers and the associated decrease in movement velocity with aging, incorporating explosive movements may be beneficial in the training regimens of older persons (4) . Furthermore, programs that will increase both the muscle force and movement velocity should be prioritized due to the significant advantages during tasks such as rising from a chair or stair climbing (4) . However, a direct comparison of the benefits of varied-resistance muscle power training to strength training in older persons on muscle and physical function has not been undertaken.
Therefore, the purpose of the study was to compare strength training to a high-velocity varied-resistance muscle power program in older adults to assess which has the greater benefit on muscle function and physical performance. We hypothesized that muscle power training would have greater impact on power-based functional tasks, muscle power, and movement velocity than would strength training.
METHODS

Participants
Independently living, community-dwelling older adults aged 65-84 years were recruited from the Brisbane city area by newspaper advertisement. When potential participants (n ¼ 139) made contact, a short telephone interview took place to establish their eligibility for the study. The exclusion criteria included (i) acute or terminal illness, (ii) unstable or ongoing cardiovascular and/or respiratory disorder, (iii) neurological or musculoskeletal disease or impairment, (iv) resistance training experience within the previous 12 months, and (v) the inability to commit to a period of time equivalent to the duration of the study. Following the telephone interview, information packages detailing the study and requesting that potential participants obtain their physicians' approval for participation were sent. Having received this packet, participants were invited to attend two familiarization sessions, during which exercise techniques were demonstrated and practiced, then baseline testing was undertaken. Following baseline assessment, 67 participants were randomized to either a high-velocity training (HV ¼ 23: 11 men, 12 women), strength training (ST ¼ 22: 10 men, 12 women) or nontraining control (CO¼22: 10 men, 12 women) group for 24 weeks. The study was approved by the University of Queensland Medical Research Ethics Committee, and all participants provided written informed consent.
Training Protocol and Study Design
Twice-weekly training was undertaken using Extek resistance equipment (Extek Pty. Ltd., Brisbane, Australia). Training consisted of a 10-minute warm-up that included stretching, six resistance training exercises (chest press, supported row, biceps curl, leg press, prone leg curl, and leg extension) and concluded with a cool-down of abdominal crunches and the prone superman exercise to target core stabilizers. All training sessions lasted approximately 1 hour, were separated by a minimum of 2 days and were performed under the direct supervision of an exercise instructor to ensure safety and the maintenance of the exercise protocols.
The intervention was divided into a conditioning (2 weeks) and training phase. Following conditioning, participants undertook a 1RM testing session, with the 1RM value used to calculate the individual's resistance at the beginning of the training phase. Due to the strenuous nature of this event, it was considered a training session and consequently participants completed 43 sessions using either the HV or the ST protocol in the remaining 22 weeks.
Conditioning training protocol.-The conditioning phase consisted of the first four training sessions to prepare participants for the training program (8) . Participants completed three sets of each exercise performing eight repetitions at 65% of their baseline 1RM for the first two sessions, and 70% of their 1RM for the third and fourth sessions, with a ;1-minute rest between sets. Concentric and eccentric movements were performed at a rate of ;3 seconds.
Strength training protocol.-Following conditioning, the ST group continued training using three sets of eight repetitions at 75% 1RM. The movement speed of 3 seconds per concentric and eccentric phase was maintained for the duration of the study.
High-velocity training protocol.-The HV protocol was based on previous work conducted in our laboratory (9) , following the proposal that optimal upper-and lower-body muscle power is achieved using maximal movement velocity at 40%-60% and 50%-75% 1RM, respectively (12) . Specifically, participants were instructed to produce the concentric portion of each repetition as rapidly as possible, then return through the eccentric phase at a slow and controlled pace (;3 seconds). In comparison to the ST group, the HV group performed ;20% less work per exercise, using two lighter sets in addition to one high-intensity set as follows:
Set 1: 8 reps @ 45% 1RM Set 2: 8 reps @ 60% 1RM Set 3: !8 reps @ 75% 1RM
To ensure that the program was progressive for both exercise groups, the resistance was increased when the number of repetitions that a participant could complete was .8 in their final set, as described previously (6) . Briefly, when participants could complete 10 or 11 repetitions their 1RM was increased by 5%, and when they could complete !12 repetitions their 1RM was increased by 10%. Resistance adjustments were undertaken following the final session each week.
Measures
Data were collected for all variables at baseline and week 24. In addition, to examine short-term training effects, muscle strength, muscle endurance, and functional performance were assessed at week 8. During assessment, the order of testing within each battery, the test administrator, and the time of day used for collection remained constant. All tests of muscle function were conducted on the same pin-weight equipment used by participants during training.
Muscle Function
Dynamic muscle strength and muscle endurance.-Dynamic concentric muscle strength for all exercises was measured using the 1RM method, which we have described previously (13) . Briefly, an individual's 1RM is the maximum weight that can be moved through the full range of motion once with correct technique. To avoid muscle fatigue, weights were set so that the 1RM lift was achieved within 3-5 attempts (14) . The coefficient of variation (CV) for repeated 1RM measures in our laboratory ranged from 2.5% to 8.8%.
Muscle endurance for the leg press and chest press exercise was determined from the maximum number of repetitions performed at 70% 1RM (15) . The CV values for repeated chest press and leg press endurance were 6.4% and 4.4%, respectively.
Isometric muscle strength.-Isometric leg extension and biceps curl strength data were calculated from S-Type load cells (Celtron Technologies, Covina, CA) collected during a maximal contraction at a predetermined angle. Data were sampled through HMS-9401 load cell amplifiers (HMS Technologies, University of Queensland, Australia) and collected through the DATAQ instruments computer program (version 2.46; DATAQ Instruments Inc., Akron, OH). For leg extension, the machine arm was set at 1358, where full knee extension is 1808, and the machine arm for biceps curl was at 908 (16) . Participants were given a ''go'' command and instructed to undertake the contraction explosively and to maintain maximal torque for 3 seconds. Three attempts were carried out with each maximal effort separated by 30 seconds.
For quantitative analysis, electronic data were converted to an ASCII format and forwarded to the Spike2 program (Cambridge Electronic Design Limited, Cambridge, U.K.). Mean and maximal isometric torque data were examined from the onset of force (time point 0 ms) to 500 ms, and from 500 ms to 1500 ms, to ensure the maximal peak torque phase of the contraction was incorporated (17) . Only data related to the movement in which the maximal torque occurred were retained for statistical analysis. The CV values for mean and maximal biceps curl and leg extension isometric muscle strength in our laboratory ranged from 5.3% to 13.8%.
Muscle power and movement velocity.-Peak and average muscle power and movement velocity from five exercises (chest press, biceps curl, leg press, leg extension, leg curl) were calculated from measures of force (S-type load cells; Celtron Technologies), excursion (22-mm conductive plastic potentiometer; Vishay Spectrol, Munich, Germany), and duration of movement (time) (18) . Data were sampled through an HMS-9401 load cell and HMS-9322a GP amplifiers (HMS Technologies) and collected through the DATAQ instruments computer program (Version 2.46; DATAQ Instruments). For conversion and movement analysis, all electronic data were forwarded to the LabView 7 Express program (National Instruments Corporation, Austin, TX). Subsequent to movement identification, data related to the biceps curl, leg extension, and leg curl, in which a varied radius cam length needed to be considered, were forwarded to Excel (Microsoft Office Excel 2003; Seattle, WA) for conversion. After all force and velocity data were finalized, files were forwarded to MatLab (The Mathworks, Inc., Natick, MA) for the calculation of power (force 3 velocity) and variables of interest.
Data were collected for all exercises at 45%, 60%, and 75% 1RM, and the mean of the three resistances was calculated for analysis. Prior to testing, participants were informed of the importance of the rate of movement as a component of muscle power and were encouraged to move against each resistance as rapidly as possible. All participants were given three attempts at each resistance, and repetitions were separated by 30 seconds. Due to the contribution of the biceps brachii to the acceleration phase of the supported row movement, the exercise was deemed an invalid measure of upper-back power and not included. The CV values for peak and average muscle power ranged from 2.0% to 8.2% and for maximal and average movement velocity from 1.6% to 8.3%.
Functional Performance
All participants undertook a battery of eight physical performance tests, with tests pre-scripted to ensure that participants received identical instructions. These tests were the floor rise to standing; stair climb; usual, fast, and backwards 6-m walk; repeated chair rise to standing (5 times); 400-m walk; and the functional reach test to measure static balance. All tests have been described in detail previously (9, 19) . The best of three trials was used in analysis, with an approximately 2-minute rest between trials, except for the 400-m walk, for which only one trial was performed. Participants were instructed to move as fast as they could safely manage in each of the tests, except for the usual 6-m walk and functional reach. The CV values for functional performance tasks in this study ranged from 2.0% to 7.5%.
Body Composition and Bone Mineral Density
Height in centimeters (cm) and body mass in grams (g) were obtained using a stadiometer and electronic scale, respectively. Body mass index (BMI) was calculated as weight in kilograms divided by height squared in meters. Whole body lean mass, fat mass, percent body fat, and total body and hip bone mineral density (BMD, g/cm 2 ) were determined by dual x-ray absorptiometry (DXA; Hologic Discovery W; Hologic Inc., MA). The CV for repeated body composition measures are ,1.0%.
Lifestyle Questionnaires
Physical activity was assessed through the use of the Physical Activity Scale for the Elderly (20) , which assessed the amount of activity a participant undertook in the week prior to its completion. The Activities-specific, Balance Confidence Scale was used to assess falls self-efficacy (21) , and the University of Queensland Quality of Life questionnaire was administered to assess health-related quality of life. Finally, participants completed a health history questionnaire at baseline to record past and present conditions and medications. All questionnaires were self-administered. Participants were issued a package of questionnaires at the designated periods and were requested to return them within 1 week. In addition, the Medical Outcomes Study Short Form was administered at baseline to assess general health (22) .
Statistical Analyses
Data were analyzed using the SPSS (SPSS 13.0; Chicago, IL) statistical software package. Analysis of variance (ANOVA) was used to determine if any differences existed among groups at baseline. For variables with three time points (baseline, week 8, and week 24) a two-way (Group 3 Time) repeated-measures analysis of covariance (ANCOVA) adjusted for sex was used to examine change among groups, and for variables with two time points ANCOVA adjusted for baseline values and sex. Repeated-measures ANOVA and paired t tests were used to investigate within-group changes. Where appropriate, the Bonferroni post hoc procedure was used to locate the source of differences. Percent change was calculated on individual data as (final -baseline)/ baseline 3 100, with the mean of the group change reported. All tests were two-tailed, and an a level of .05 was required for significance. All values are expressed as the mean 6 standard error.
RESULTS
Participants
Eight participants withdrew from the study by week 8 and a further 6 by week 24, resulting in 53 participants completing the study (HV ¼ 19: 7 men, 12 women; ST ¼ 19: 10 men, 9 women; CO ¼ 15: 6 men, 9 women). Those who dropped out were not distinguished from those who completed the study. Reasons for dropping out included medical conditions and family problems; however, no participants indicated that the training protocol or intensity was the reason for leaving the study. Baseline characteristics for those who completed the study are presented in Table 1 . At baseline, there was no difference among groups for any measured variable except for maximal and average leg press and maximal chest press movement velocity, where the HV group was slower than the ST group (12.3%, 14.1%, and 17.9%, respectively) ( p , .05), and also slower than CO for average chest press velocity (14.3%) ( p , .05). In addition, due to variation in the number of men and women within each group, analyses were adjusted for sex.
Following training, there was a significant increase in lean mass for all groups (HV: 1.2 6 0.2, ST: 1.4 6 0.3, CO: 0.6 6 0.3 kg), and a decrease in fat mass (HV: À0.6 6 0.3, ST: À0.8 6 0.4, CO: 0.1 6 0.3 kg) and percent fat (HV: À1.3 6 0.2, ST: À1.3 6 0.3, CO: 0.2 6 0.2%) for the training groups ( p , .05). However, there was no significant effect on body weight, and there was no effect of the exercise program on BMD. In addition, there was no change in self-assessed physical activity or balance confidence; however, the HV group had a significant, though modest, increase in quality of life from 61.1 6 1.7 to 63.9 6 1.7 ( p ¼ .018).
Muscle Function
Dynamic muscle strength and muscle endurance.-Following training, and for each muscle strength exercise, there was a significant effect for time ( p , .001) and Group 3 Time interaction ( p , .001), with the HV and ST groups increasing their maximal strength for each exercise (Figure 1 ). There was no difference between exercise groups for any measure of muscle strength, and there was no change in the control group. The average change in total body muscle strength (across six exercises) was 51.0 6 9.0%, 48.3 6 6.8%, and 1.2 6 5.1% for the HV, ST, and CO groups, respectively. There was no difference among groups for chest press or leg press muscle endurance following either short-term or long-term training.
Isometric muscle strength.-Maximal and mean isometric leg extension strength from 500 ms to 1500 ms postonset of force increased in the HV group compared to controls ( p , .05) ( Table 2 ). In contrast, training significantly increased maximal isometric bicep curl strength, 500 to 1500 ms, in the ST group when compared to controls ( p ¼ .037). No differences between exercise groups emerged following training. Overall, maximal isometric strength increased 29.7 6 6.9%, 23.8 6 5.5%, and 1.5 6 4.1% in the HV, ST, and CO group, respectively.
Muscle Power and Movement Velocity
Absolute values for peak and average muscle power are presented in Table 3 . Peak power increased significantly in exercise groups compared to controls ( p , .05) for all exercises except the chest press, where only the HV group displayed greater power than CO ( p , .05). Average change in peak power was 50.5 6 4.1%, 33.8 6 3.8%, and À2.5 6 3.9% for the HV, ST, and CO groups, respectively. Average power was also significantly greater in the HV and ST groups than in the CO group following training ( p , .05). No differences were observed between training groups. Within-group analysis revealed significant improvements in peak and average muscle power for the training groups ( p .001), whereas the control group had an increase in average leg curl power ( p ¼ .034) and a decrease in peak biceps curl power ( p ¼ .003).
Following training, only maximal movement velocity for the chest press displayed a significant difference among groups ( p ¼ .005) with the ST group having slower movement velocity than the HV and CO groups. Withingroup analysis revealed a significant decrease in maximal chest press and leg extension, and increases in average chest press and leg curl movement velocity of the ST group ( p , .05). In contrast, the HV group experienced a significant increase in maximal and average chest press, and average biceps curl and leg press velocity of moment ( p , .05). In addition, all groups displayed a significant decrease in maximal leg curl movement velocity ( p , .05).
Functional Performance
For the stair climb, 6 m fast walk, chair rise, and functional reach task there was a significant Group 3 Time interaction ( p , .05) ( Table 4 ). For the repeated chair rise and stair-climbing task, the HV group performed significantly better than controls at week 8 ( p ¼ .004), and both training groups performed better than CO for the 6 m fast walk and the chair-rise task at week 24 ( p .001). In addition, at week 8 the ST group performed better than controls for the 6 m fast walk, and at weeks 8 and 24 for the functional reach task ( p , .05). No differences were observed between training groups for any measure of functional performance.
DISCUSSION
This study comprehensively compared the effects of a strength training program to that of a power-specific resistance training protocol on muscle function and functional performance in community-dwelling older adults. In contrast to our hypothesis, the results indicate that both programs significantly and similarly enhanced multiple components of muscle function and functional performance. Importantly, these benefits occurred for the HV group using a reduced total workload per exercise session. These findings support the efficacy of using high-velocity varied resistance training protocols in older adults as a means to enhance physical function.
Muscle Power and Movement Velocity
The present study supports previous research that has reported increased muscle power following resistance Notes: Values are mean 6 standard error. *Possible range: quality of life; 5-80; balance confidence, 16-160; self-rated physical ability, 1-5; self-rated general health, 0-100. training. However, it is the first to compare power-specific training at varied resistances to strength training. Although no statistical differences between training groups emerged, relative percent change data indicate that the HV group had notably larger increases in peak muscle power than their ST counterparts. The present study extends previous work from our laboratory (9) on lower-body muscle power by demonstrating that both upper-body and lower-body muscle power are enhanced following an extended period of training. Recently, de Vos and colleagues (10) older adults. Following training, absolute total-body peak power was greater in G50 than G20, with no other differences observed. However, it is unclear if the increases were force or movement velocity dependent. Moreover, in contrast to the testing protocol used by de Vos and colleagues (10), we removed the influence of regular 1RM assessment so specific power or strength training benefits could emerge. Although a decrease in speed of contraction has been reported as the critical determinant in power loss with aging (23) , and research involving younger participants show enhanced velocity of contraction with training (24,25), we found only modest changes in movement speed postintervention. Related to muscle fiber composition, motor unit discharge, and firing frequencies, studies to date indicate that older adults retain the ability to increase movement velocity (17, 26) ; however, this has only been reported following interventions addressing rate of force development during maximal isometric contraction (27, 28) . Even though an increase in force production, and subsequently muscle power, was observed for the ST group, their decrease in movement velocity suggests that the high-velocity training regimen may have an important impact on maintained contraction speed in older adults.
Dynamic and Isometric Muscle Strength
In general, significantly greater strength gains are reported following high-intensity multiple set training than following low-intensity or moderate-intensity training (29, 30) , or single-set high-intensity training (31, 32) . In the present study, significant dynamic muscle strength gains, comparable to those of a multiple high-intensity set regimen, was achieved in older adults using a single set of highintensity work with additional sets at a reduced load.
Furthermore, and in contrast to the ST group, the HV group experienced important increases in isometric leg extension and biceps curl strength using a reduced workload per exercise session. Although similar increases in isometric torque have been reported previously following explosive resistance training (27, 28) , the limited change experienced by the ST group was unexpected, particularly given the similar changes experienced for muscle power and dynamic muscle strength (33) . Importantly, the HV group experienced significant increases in the initial 500 ms of the moments for all measures except maximal biceps curl. These data suggest that high-velocity explosive training may have an important impact on the neural output of the muscle that has transferred to isometric strength and rate of torque development (27, 28) .
Functional Performance
The present study supports our previous work showing that high-velocity varied resistance training is an effective means of increasing functional ability in previously untrained older adults (9, 19) . Furthermore, our study also shows that improvement in power-orientated functional tasks are not exclusively related to explosive training, as the ST group also improved their chair-rise performance following training. Therefore, it appears that, although high-velocity training is an effective means of increasing short-and long-term functional ability, the changes are similar to those obtained with strength training.
Secondary Outcomes
Both exercise regimens resulted in similar improvement in body composition comparable to those previously reported in older adults undertaking resistance exercise (34, 35) . The modest change in lean mass indicates the important role for nonhypertrophy-related factors for enhancement of muscle strength and power. Training participants also experienced a decrease in fat mass but no change in BMD. However, given the time course of bone remodeling, it is unlikely that 24 weeks of training was sufficient to detect change (35) . In addition, a modest increase was observed in quality of life for the HV group. Although previous research indicates little or no change in self-assessed quality of life following training (36) , it is unclear why similar improvements were not detected in the ST group given the similar improvements in physical function and the social interactions experienced during the intervention.
Limitations
Some potential limitations of the study are worthy of comment. The exercise groups undertook differing total workloads per session, which is not uncommon when comparing different exercise regimens. Had groups performed an equal volume of work, differences may have emerged. In addition, participants in the study were highfunctioning and independently living, and may not reflect all older adults, in particular frail and institutionalized elderly persons. Therefore, care must be taken when applying these results to all groups of older adults.
Summary
Strength and high-velocity resistance training in healthy, well-functioning older adults significantly and similarly improved muscle power and muscle strength. In addition, changes in muscle function were accompanied by the enhancement of selected functional tasks. Moreover, the changes experienced following high-velocity, varied resistance training occurred with less total work performed per exercise session. These outcomes have important implications for the future design of training programs to safely and effectively enhance physical function in older persons.
